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Description 

[0001 ] The present invention relates to a method for producing and purifying N-carbamate-protected p-aminoepoxide 
with a specific steric configuration [(2R, 3S) or (2S, 3R)] and a method for producing crystals thereof. Additionally, the 
invention relates to a method for producing and purifying N-carbamate-protected p-aminoalcohol with a specific steric 
configuration [(2R, 3S) or (2S, 3R)], and then converting the aminoalcohol to the aminoepoxide. 
[0002] The N-carbamate-protected p-aminoepoxide represented by the general formula (2) is a useful compound 
as a pharmaceutical intermediate: 



15 




[in the formula, R represents a lower alkyl group having 1 to 8 carbon atoms, benzyl group or fluorenylmethyl group; 
A represents an unsubstituted or substituted alkyl group with 1 to 10 carbon atoms, an unsubstituted or substituted 
20 aryl group with 6 to 15 carbon atoms or an unsubstituted or substituted aralkyl group with 7 to 20 carbon atoms, or a 
group containing one or more hetero atoms in these carbon backbones; * represents asymmetric carbon atom; the 
steric configuration at 2- and 3-positions is (2R, 3S) or (2S, 3R)]. 

[0003] It is known for example that (2R, 3S)-N-carbamate-protected p-aminoepoxide is useful as an intermediate of 
HIV protease inhibitors and renin inhibitors (see. for example Raddatz et al., Journal of Medicinal Chemistry, 1 991 , 34, 
25 11, 3269 or T. Archibald et al., Scientific Update Conference Manual, Chiral USA 99, Full Scale Chiral Separations 
Using SMB, 4th May 1999, San Francisco, Scientific Update). 

[0004] It has been known that N-carbamate-protected p-aminoepoxide represented by the general formula (2) can 
be synthesized according to the following pathway. 

30 



35 



40 




45 

[in the formula, R, A, * represent the same meanings described above; X represents halogen atom.] 
[0005] In case that (3S)-N-carbamate-protected oc-halomethyl ketone as the compound represented by the general 
formula (4) is used as a starting material, for example, the starting material is reduced to afford (2R, 3S)-N-carbamate- 
protected p-aminoalcohol, followed by treatment with a base, to afford (2R, 3S)-N-carbarnate-protected p-aminoepox- 
50 ide. 

[0006] In case that (3R)-N-carbamate-protected a-halomethylketone is used as a starting material, similarly, the 
starting material is reduced to afford (2S, 3R)-N-carbamate-protected p-aminoalcohol, followed by treatment with a 
base, to afford (2S, 3R)-N-carbamate-protected p-aminoepoxide. 

[0007] Herein, the reduction of N-carbamate-protected a-halomethylketone with an appropriate reducing agent in- 
55 volves the generation of the diastereomer as a byproduct. 

[0008] For example, the reduction of (3S)-N-carbamate-protected a-halomethylketone represented by the general 
formula (13) involves the generation of the diastereomer (2S, 3S)-N-carbamate-protected p-aminoalcohol (7) as a 
byproduct. 
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[0009] At the following process for treatment with a base, the byproduct is converted to a (2S, 3S)-N-carbamate- 
protected p-aminoepoxide (11) as the diastereomer of the objective compound (see the following scheme). 



[in the formulas, R, A, X represent the same meanings as described above.] 

[001 0] More specifically, for example, it is reported that the reduction of for example (3S)-3-tert-butoxycarbonylamino- 
1-halo-4-phenyl-2-butanone in ether with lithium aluminum tri-tert-butoxyhydride involves the generation of the dias- 
tereomer (2S, 3S)-3-tert-butoxycarbonylamino-1-halo-2-hydroxy-4-phenylbutane at a ratio of about 1 mol equivalent 
to5to8mol equivalents of the objective (2R, 3S) compound (see P. Raddatz et al., J. Med.Chem., 1991, 34, 11, 3269 
or T. Archibald et al., Scientific Update Conference Manual, Chiral USA 99, Full Scale Chiral Separations Using SMB, 
4th May 1999, San Francisco, Scientific Update). (2R, 3S)-3-tert-Butoxycarbonylamino-1,2-epoxy-4-phenylbutane af- 
forded by an additional treatment with a base also contains the diastereomer at about the same ratio. 
[0011] The references disclose methods for separating (2R, 3S)-N-carbamate-protected p-aminoalcohol or(2R, 3S) 
-N-carbamate-protected p-aminoepoxide by silica gel chromatography or high-performance liquid chromatography, but 
the methods require the use of vast amounts of expensive carriers and solvents and take a long time due to the complex 
procedures. Accordingly, the methods are not industrially appropriate. 

[0012] The latter reference discloses on page 3 that because (2R, 3S)- N-carbamate-protected p-aminoalcohol or 
(2R, 3S)-N-carbamate-protected p-aminoepoxide is at a lower melting point and a higher solubility than those of the 
diastereomer, the ratio of the diastereomer to the objective compound can be reduced to 94:6, at most, by purification 
with crystallization and that no more purification thereof by recrystallization is possible. 

[0013] Further, the technique for removing other impurities is not necessarily satisfactory. Hence, the development 
of an industrial method for producing highly pure (2R, 3S)- or (2S, 3R)- N-carbamate-protected p-aminoepoxide has 
been desired. 

[0014] The present invention relates to a method for producing (2R, 3S)- or (2S, 3R)-N-carbamate-protected p- 
aminoepoxide (including the crystal), preferably via the corresponding N-carbamate-protected p-aminoalcohol. 
[0015] The present inventors have found: 

1) By dissolving (2R, 3S)-N-carbamate-protected p-aminoalcohol containing at least the diastereomer as an im- 
purity or an optical isomer thereof in a solvent comprising at least one or more selected from aromatic hydrocarbon 
solvent, aryl halide solvent, saturated hydrocarbon solvent, aqueous mixture solvent, acetone and 2-propanol, 
thereby removing insoluble matters, the diastereomer as an impurity is highly separated and removed. 

2) By treating (2R, 3S)-N-carbamate-protected p-aminoepoxide containing at least the diastereomer as an impurity 
or an optical isomer thereof with an acid, thereby converting the diastereomer as an impurity to oxazolidin-2-one 
derivative, and separating and removing the resulting derivative in water or an aqueous mixture solvent, the dias- 
tereomer as an impurity is highly separated and removed. 

3) By crystallizing (2R, 3S)-N-carbamate-protected p-aminoepoxide or an optical isomer thereof in an aqueous 
mixture solvent, a more highly pure crystal of the epoxide can be obtained. 

[0016] Based on the aforementioned findings, the inventors have achieved the invention. 

[0017] According to the present invention there is provided a method for producing N-carbamate-protected p-ami- 
noepoxide crystal comprising the following step (d): 

(d) a step of crystallizing the N-carbamate-protected p-aminoepoxide represented by the general formula (2) in a 
mixed solvent comprising a water-miscible organic solvent and water: 



o 
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[in the formula, R represents a lower alky! group having 1 to 8 carbon atoms, benzyl group or fluorenylmethyl 
10 group; A represents an unsubstituted or substituted alkyl group with 1 to 10 carbon atoms, an unsubstituted or 

substituted aryl group with 6 to 1 5 carbon atoms or an unsubstituted or substituted aralkyl group with 7 to 20 carbon 
atoms, or a group containing one for more hetero atoms in these carbon backbones; * represents asymmetric 
carbon atom; the steric configuration at 2- and 3- positions is (2R, 3S) or (2S, 3R). 

15 [0018] Preferably, the step (c) set out below is carried out prior to step (d): 

(c) a step of treating the N-carbamate-protected p-aminoepoxide containing at least the diastereomer as an impurity 
and being represented by the general formula (2) with an acid, thereby converting the diastereomer as an impurity 
to oxazolidin-2-one derivative represented by the general formula (3): 

20 



25 




[in the formula, R represents a lower alkyl group having 1 to 8 carbon atoms, benzyl group or fluorenylmethyl 
group; A represents an unsubstituted or substituted alkyl group with one to 10 carbon atoms, an unsubstituted or 
substituted aryl group with 6 to 1 5 carbon atoms or an unsubstituted or substituted aralkyl group with 7 to 20 carbon 
atoms, or a group containing one or more hetero atoms in these carbon backbones; * represents asymmetric 
carbon atom; the steric configuration at 2- and 3- positions is (2R, 3S) or (2S, 3R)] 



35 A 



40 




[in the formula, A and * represent the same meaning as described above; the steric configuration at 4- and 5-po- 
sitions is (4S, 5R) or (4R, 5S)], 

45 

and, if necessary, separating and removing the resulting oxazoldin-2-one derivative in water or an aqueous mixture 
solvent. 

[0019] In some embodiments step (d) is preceded by steps (a) and (b): 

50 (a) a step for producing N-carbamate-protected p-aminoalcohol comprising dissolving N-carbamate-protected p- 

aminoalcohol containing at least the diastereomer as an impurity and being represented by the general formula 
(1) in a solvent comprising at least one or more selected from aromatic hydrocarbon solvent, aryl halide solvent, 
saturated hydrocarbon solvents, and mixed solvents comprising a water-miscible organic solvent and water, to 
remove insoluble matters: 

55 
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O A 



Ok 




OH 

[in the formula, R represents a lower alkyl group having 1 to 8 carbon atoms, benzyl group or fluorenylmethyl 
group; A represents an unsubstituted or substituted alkyl group with 1 to 10 carbon atoms, an unsubstituted or 
substituted aryl group with 6 to 1 5 carbon atoms or an unsubstituted or substituted aralkyl group with 7 to 20 carbon 
atoms, or a group containing one or more hetero atoms in these carbon backbones; X represents halogen atom; 
* represents asymmetric carbon atom; the steric configuration at 2-and 3-positions is (2R, 3S) or (2S, 3R)]; and 
(b) a step of treating the N-carbamate-protected f3-aminoalcohol represented by the general formula (1) with a 
base, thereby converting the N-carbamate-protected [J-aminoalcohol to N-carbamate; protected f5-aminoepoxide 
represented by the general formula (2): 



O A 



[in the formula, R, A and * represent the same meanings as described above; the steric configuration at 2- and 
3-positions is (2R, 3S) or (2S, 3R)]. 

[0020] Particularly preferably, step (d) Is preceded by all of steps (a), (b) and (c). 
[0021] Embodiments of the invention will be described in detail hereinbelow. 

[0022] In the present specification, (2R, 3S)-N-carbamate-protected (3-aminoalcohol is sometimes abbreviated as 
(2R, 3S) alcohol; and the diastereomer as an impurity is sometimes abbreviated as (2S, 3S) alcohol. 




<2R, 3S) Alcohol (2S, 3S) Alcohol 

[0023] Additionally, (2S, 3R)-N-carbamate-protected p-aminoalcohol is sometimes abbreviated as (2S, 3R) alcohol; 
and the diastereomer as an impurity is sometimes abbreviated as (2R, 3R) alcohol. 




(2S, 3R) alcohol (2R, 3R) Alcohol 



6 



EP1 081 133 B1 



[0024] Still additionally, (2R, 3S)-N-carbamate- protected p-aminoepoxide is sometimes abbreviated as (2R, 3S) 
epoxide; and the diastereomer as an impurity is sometimes abbreviated as (2S, 3S) epoxide. 



5 



10 




(10) 



(2R, 3S) Epoxide <2S, 3S) Epoxide 



15 [0025] Furthermore, (2S, 3R)-N-carbamate-protected p-aminoepoxide is sometimes abbreviated as (2S, 3R) epox- 
ide; and the diastereomer as an impurity is sometimes abbreviated as (2R, 3R) epoxide. 



O A 

25 O 

(2S, 3R) Epoxide (2R, 3R) Epoxide 

[0026] In the formulas in accordance with the invention, X represents halogen atom. As the halogen atom, chlorine 

30 atom and bromine atom are preferable; and chlorine atom is particularly preferable. 

[0027] In the formulas in accordance with the invention, R represents a lower alkyl group with 1 to 8 carbon atoms, 
benzyl group or fluorenylmethyl group. As R, the lower alkyl group is preferable, particularly an alkyl group with 1 to 4 
carbon atoms. For example, methyl group, ethyl group and tert-butyl group are listed. 
[0028] As the R, tert-butyl group is particularly preferable. 

35 [0029] In the formulas in accordance with the invention, A represents an unsubstituted or substituted alkyl group 
with 1 to 10 carbon atoms, an unsubstituted or substituted aryl group with 6 to 15 carbon atoms or an unsubstituted 
or substituted aralkyl group with 7 to 20 carbon atoms, or a group containing one or more hetero atoms in these carbon 
backbones. When A is substituted group as above-mentioned, the substituent is not particularly limited unless it es- 
pecially affect the reaction of the invention. The substituent includes, for example, alkoxyl group (preferably with 1 to 

40 7 carbon atoms), nitro group, alkyl group (preferably with 1 to 6 carbon atoms), and halogen atom. 

[0030] The group containing one or more hetero atoms in these carbon backbones includes, for example, methylth- 
ioethyl group, t-butylthiomethyl group, tritylthiomethyl group, (p-methylbenzyl)thiomethyl group, (p-methoxybenzyl)thi- 
omethyl group, t-butoxymethyl group, benzyloxymethyl group, t-butoxyethyl group, benzyloxyethyl group, 4-(t-butoxy) 
phenylmethyl group, 4-benzyloxyphenylmethyl group and phenylthiomethyl group. 

45 [0031] Such groups can be introduced by using for example amino acid as a raw material. In case that A is methyl 
group, for example, alanine is used as a raw material; in case that A is isopropyl group, valine is used as a raw material; 
in case that A is 2-methylpropyl group, leucine is used as a raw material; in case that A is 1-methylpropyl group, 
isoleucine is used as a raw material; in case that A is benzyl group, phenylalanine is used as a raw material; in case 
that A is methylthioethyl group, methionine is used as a raw material. 

so [0032] Additionally, A may satisfactorily be a group introduced from a raw material amino acid with a functional group 
in the side chain of the amino acid under protection, for example S-t-butylcysteine, S-tritylcysteine, S-(p-methylbenzyl) 
cysteine, S-(p-methoxybenzyl)cysteine, O-t-butylserine, O-benzylserine, O-t-butylthreonine, Obenzylthreonine, O-t- 
butyltyrosine and O-benzyltyrosine. 

[0033] Furthermore, A is not limited to groups introduced from raw materials derived from natural amino acid, but 
55 may satisfactorily be groups (for example, phenyl group and phenylthiomethyl group)' introduced from raw materials 
derived from non-natural amino acid. 

[0034] In accordance with the invention, preference is given to compounds wherein A is an aryl group with 6 to 15 
carbon atoms, an aralkyl group with 7 to 20 carbon atoms or a group containing a hetero-atom in these carbon back- 
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bones; furthermore, preference is given to compounds wherein A is an aralkyl group with 7 to 20 carbon atoms or a 
group containing a hetero-atom in these carbon backbones. More specifically, preference is given to compounds where- 
in A is benzyl group, phenylthiomethyl group, 4-benzyloxyphenylmethyl group, isopropyl group, 2-methylpropyl group 
and 1-methylpropyl group; still furthermore, preference is given to compounds wherein A is benzyl group, phenylthi- 
omethyl group and 4-benzyloxyphenylmethyl group. Compounds wherein A is benzyl group are particularly preferable. 
[0035] The process (a) is described below. 

[0036] N-Carbamate-protected |3-aminoalcohol containing at least the diastereomer as an impurity and being repre- 
sented by the general formula (1), namely the (2R, 3S) alcohol or (2S, 3R) alcohol, may be obtained by reducing (3S) 
-N-carbamate-protected a-aminohalomethylketone represented by the general formula (13) or (3R)-N-carbamate-pro- 
tected a-aminohalomethylketone represented by the general formula (14) : 



[in the formula, R, A and X represent the same meanings as described above]. 

[0037] It has been known that the ratio of the generated (2R, 3S) alcohol and (2S, 3S) alcohol through reduction 
varies depending on the type of a reducing agent. By selecting an appropriate reducing agent, the ratio of the diaster- 
eomer as an impurity can be suppressed at some extent (see T. Archibald et al., Scientific Update Conference Manual, 
Chiral USA 99, Full Scale Chiral Separations Using SMB, 4th May 1999, San Francisco, Scientific Update). This is the 
same for the ratio of the (2S, 3R) alcohol and the (2R, 3R) alcohol in the case of the reduction of (3R)-N-carbamate- 
protected a-aminohalomethylketone. 

[0038] Preferable such reducing agents include for example lithium aluminum tri-tert-butoxyhydride, (+)-B-chlorodi- 
isopinocamphenylborane, and boron potassium tri-sec-butylhydride; particularly, lithium aluminum tri-tert-butoxyhy- 
dride is preferable. 

[0039] Herein, (3S)-N-protected a-aminohalomethylketone and (3R)-N-protected a-aminohalomethylketone can be 
produced by known methods, for example, such as the method comprising allowing amino acid ester with the amino 
group under protection, to react with a metal enolate prepared from a-haloacetic acid, thereby eliminating carbonate 
(see International Patent Publication WO 96/23756). 

[0040] When the reaction mixture recovered by the method is subjected for example to the process (a) of the inven- 
tion, it is needless to say that the ratio of the objective (2R, 3S) alcohol or (2S, 3R) alcohol is preferably high. Even 
when the ratio of each of these diastereomers to the (2R, 3S) alcohol or (2S, 3R) alcohol is high, the method of the 
invention is applicable. 

[0041] The method of the invention is applicable to a mixture at a molar ratio of (2S, 3S) alcohol/(2S, 3R) alcohol or 
(2R, 3R) alcohol/(2S, 3R) alcohol, below 100, preferably below 1, more preferably below 1/2, particularly preferably 
below 1/3. 

[0042] The aromatic hydrocarbon solvent to be used at the process (a) includes for example benzene, xylene, toluene 
and an appropriate mixture solvent of these solvents. Particularly, xylene, toluene and an appropriate mixture solvent 
of these solvents are preferable; toluene is particularly preferable. 

[0043] The aryl halide solvent to be used at the process (a) includes for example chlorobenzene, bromobenzene 
and appropriate mixture solvents of these solvents. Particularly, chlorobenzene is preferable. 
[0044] The saturated hydrocarbon solvent to be used at the process (a) includes for example n-pentane, n-hexane, 
n-heptane, n-octane, n-nonane, n-decane, isohexane, isooctane, cyclopentane, cyclohexane, methylcyclohexane, pe- 




[in the formula, R, A and X represent the same meanings as described above] 
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troleum ether, and appropriate mixture solvents of these solvents. Particularly, n-hexane, n-heptane, cyclohexane, 
methylcyclohexane and appropriate mixture solvents of these solvents are preferable. Particularly, n-heptane is pref- 
erable. 

[0045] The aqueous mixture solvent at the process (a) means a mixture solvent of a water-miscible organic solvent 
5 with water; the organic solvent miscible with water includes methanol, ethanol, 1-propanol, 2-propanol, acetone, 2-bu- 
tanone, acetonitrile and tetrahydrofuran. Methanol, ethanol, 2-propanol, acetone and appropriate mixture solvents of 
these solvents are preferable; furthermore, methanol, ethanol, 2-propanol and appropriate mixture solvents of these 
solvents are more preferable; -and particularly, 2-propanol is preferable. 

[0046] The composition ratio of water and an organic solvent is not particularly limited, but the ratio is preferably 5 

w to 95 %, more preferably 25 to 90 % (% is expressed as the volume ratio of an organic solvent in a mixture solvent). 
[0047] More preferable are aromatic hydrocarbon solvents and aqueous mixture solvents among the solvents for 
use at the process (a). Particularly, aromatic hydrocarbon solvents are preferable. Among them, more preferable are 
toluene, xylene and a mixture solvent of 2-propanol with water; particularly, toluene is preferable. 
[0048] As far as the advantages of the invention are not adversely influenced, other solvents may be added to the 

15 solvent for use as the solvent at the process (a). 

[0049] At the process (a) of the invention, the (2R, 3S) alcohol or (2S, 3R) alcohol at least containing the diastereomer 
as an impurity is dissolved in aromatic hydrocarbon solvent, aryl halide solvent, saturated hydrocarbon solvent, or 
aqueous mixture solvent, to remove insoluble matters. More specifically, a state such that the objective (2R, 3S) alcohol 
or (2S, 3R) alcohol is dissolved in these solvents while the diastereomer is present as insoluble matters, is to be 

20 realized, despite any procedure adopted. 

[0050] For example, a solvent comprising at least one or more selected from aromatic hydrocarbon solvent, aryl 
halide solvent, saturated, hydrocarbon solvent, and aqueous mixture solvent, is added to the (2R, 3S) alcohol or (2S, 
3R) alcohol at least containing the diastereomer as an impurity, for agitation. Then, the (2R, 3S) alcohol or (2S, 3R) 
alcohol is relatively readily dissolved in these solvents, while the diastereomer thereof is slightly soluble and turns 

25 insoluble matters to be generally prepared as a form of slurry, although the form depends on the content of impurities, 
the solvent volume and the temperature. For example, at a high temperature above ambient temperature, the slurry 
form is modified into a solution state, which is then cooled down to an appropriate temperature to deposit the diaster- 
eomer as an impurity. 

[0051] For example, for subjecting the reaction mixture obtained by reduction to the process (a) of the present in- 
30 vention, the reaction solvent is preferably concentrated or more preferably sufficiently evaporated after the reduction 
is terminated; and subsequently, the aforementioned solvent is added to the resulting residue, from the respect of 
purification efficiency. 

[0052] The quantity of a solvent to be added is with no specific limitation, but is preferably at a weight 1- to 50-fold 
the weight of a mixture to be subjected to the process (a). The temperature for agitation is with no specific limitation 

35 and is for example a temperature at -20 °C to a temperature below the boiling point of the solvent to be used. Preferable 
temperature varies, depending on the type and quantity .of the solvent to be used. So as to decrease the loss of the 
objective compound, for example, in case that a saturated hydrocarbon solvent is used, the solvent is heated to an 
appropriate temperature above ambient temperature and below the boiling point of the solvent (preferably, 35 °C to 
70 °C), while insoluble matters are filtered under heating as they are. In case that an aromatic hydrocarbon solvent or 

40 aryl halide solvent is used, for example, the temperature of the solvent is controlled to below ambient temperature 
down to an appropriate temperature (for example, about -20 °C), preferably, while insoluble matters are filtered. In 
case that an aqueous mixture solvent is used, for example, insoluble matters are satisfactorily filtered within a range 
of about 0 °C to 50 °C, which varies depending on the mixing ratio of water and a solvent. The agitation time is not 
particularly limited but is preferably 10 minutes to 6 hours. 

45 [0053] A person with an ordinary skill in the art can readily determine preferable conditions depending on the solvent 
to be used, on the basis of the description of the specification. 

[0054] Then, insoluble matters are removed under such as filtration. The (2S, 3S) alcohol or (2R, 3R) alcohol as an 
impurity is then removed as solid. By evaporation of the solvent in the filtrate, the (2R, 3S) alcohol or (2S, 3R) alcohol 
can be obtained. By cooling the filtrate, the objective compound can satisfactorily be isolated by crystallization. If 

50 necessary, the solvent of the filtrate is removed by azeotropic distilation for the following reaction process. And if 
necessary, the filtrate is used at the following reaction process after the filtrate is concentrated or as it is. 
[0055] The purification procedures described above can satisfactorily be repeated at plural times, if necessary, in 
case that mixtures at a high impurity content are purified. If necessary, additionally, the purification procedures may 
satisfactorily be effected in combination with other purification procedures known to a person with an ordinary skill in 

55 the art. For the synthesis of the objective compound for example through reduction, as described above, the ratio of 
the diastereomer as an impurity can be suppressed at a certain degree by selecting an appropriate reducing agent, 
so that a single purification procedure may afford highly purified objective compound. 

[0056] According to embodiments of the process (a) of the invention, the (2R, 3S) alcohol or (2S, 3R) alcohol as the 
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objective compound can be efficiently purified and isolated by simple procedures; the content of the diastereomer as 
an impurity can be reduced below 6 %, which is described as impossible in the reference. 

[0057] More specifically, the solid separated as insoluble matters is a solid containing the (2S, 3S) alcohol or (2R, 
3R) alcohol as the principal component, although the solid generally contains a certain content of the (2R, 3S) alcohol 
5 or (2S f 3R) alcohol. The solid is purified by using known purification methods such as Soxhlet extraction, the process 
(a) of the invention or a combination of these methods if necessary; otherwise, these purification methods can be 
repeated, if necessary, to thereby afford highly purified (2S, 3S) alcohol or (2R, 3R) alcohol. 
[0058] The process (b) is described below. 

[Q059] By treating the N-carbamate-protected p-aminoalcohol represented by the general formula (1) with a base, 
10 the N-carbamate-protected p-aminoalcohol can be converted to N-carbamate-protected p-aminoepoxide as an inter- 
mediate at a progressed stage, which is represented by the general formula (2) (see the references described above). 
[0060] The base includes potassium hydroxide, sodium hydroxide, potassium carbonate, sodium carbonate, sodium 
methoxide, sodium ethoxide, potassium tert-butoxide, and sodium hydride; particularly, sodium hydroxide. and potas- 
sium carbonate are preferable. 
15 [0061 ] The reaction solvent includes protonic solvents such as methanol, ethanol, 1 -propanol, 2-propanol, 1 -butanol, 
2-butanol, 1 ,2-dimethylpropanol and water or non-protonic solvents such as acetone, tetrahydrofuran and acetonitrile, 
singly or in mixture; particularly, ethanol, a mixture solvent of ethanol and water, a mixture solvent of 2-propanol and 
water, and a mixture solvent of acetone and water are preferable. 

[0062] The amount of the base to be used varies depending on the type of the base to be used and the combination 
20 of solvents, but the amount is generally 1 to 10 equivalents, preferably 1 to 5 equivalents. The reaction temperature 
varies depending on the type of the base and the combination of solvents, but the temperature is generally -10 to 80 
°C, preferably 0 to 60 °C. The reaction time is with no specific limitation, but the reaction time is preferably about 10 
minutes to about 50 hours. 

[0063] The reaction is performed generally under agitation; after termination of the reaction, acid is satisfactorily 
25 added to quench the reaction. The acid, preferably, includes hydrochloric acid, sulfuric acid, acetic acid, citric acid and 
aqueous potassium hydrogen sulfate solution. 

[0064] The (2R, 3S) epoxide or (2S, 3R) epoxide may be isolated from the reaction solvent by methods such as 
extraction, but preferably by the crystallization method at the process (d) described below. Further, so as to further 
remove the impurity diastereomer, the process (c) described below is preferably effected. 

30 [0065] For performing the process (c) or process (d) subsequent to the process (b), the reaction solvent is concen- 
trated or substituted with an appropriate solvent, if necessary, without extraction, for use at the following process. 
Additionally, crystallization may be performed by the method of the process (d) after the process (b), followed by the 
process (c), to obtain N-carbamate-protected p-aminoepoxide crystal, again at the process (d). In such manner, the 
same processes can be performed at plural times, if necessary. 

35 [0066] The process (c) is described below. 

[0067] N-Carbamate-protected p-aminoepoxide containing the diastereomer as an impurity, as represented by the 
general formula (2), is treated with an acid, to convert the impurity diastereomer to oxazolidin-2-one represented by 
the general formula (3), if necessary, which is then separated and removed in water or an aqueous mixture solvent. 
[0068] In case that N-carbamate-protected p-aminoepoxide represented by the general formula (2), namely the (2R, 

40 3S) epoxide or (2S, 3R) epoxide, is treated with an acid, the diastereomer (2S, 3S) epoxide or (2R, 3R) epoxide is 
relatively rapidly converted to oxazolidin-2-one derivative represented by the general formula (3) (see Reference Ex- 
amples 4 and 5 described below). Because the reaction velocity of the (2R, 3S) epoxide or (2S, 3R) epoxide is slow, 
the diastereomer as an impurity can be removed, preferentially, by removing the resulting oxazolidin-2-one derivative 
from the system (Tetrahedron Letters, Vol. 35, No. 28, pp. 4939-4942, 1994). 

45 [0069] As the acid, for example, preference is given to hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric 
acid, phosphoric acid, citric acid, acetic acid, trifluoroacetic acid, methanesulfonic acid, trifluoromethanesulfonic acid, 
p-toluenesulfonic acid, acidic ion exchange resin (ion exchange resin acid catalyst), acid alumina (alumina acid cata- 
lyst), acid zeolite (zeolite acid catalyst) and acid china clay; solid acids insoluble in solvents such as p-toluenesulfonic 
acid, acid ion exchange resin, acid zeolite, and acid china clay, are preferable. Solid acids insoluble in solvents suitable 

so for the reaction, such as acid ion exchange resin, acid alumina, acid zeolite and acid china clay are readily removed, 
while byproducts generated via the reaction of the epoxide with acids can be removed under filtration, simultaneously. 
Thus, these solid acids are particularly preferable. 

[0070] The reaction solvent includes methanol, ethanol, 2-propanol, 1,2-dimethylpropanol, water, acetone, tetrahy- 
drofuran, acetonitrile, dichloromethane, chloroform, dichloroethane, diethyl ether, benzene, toluene, hexane and hep- 
55 tane, singly or in mixture; particularly, non-protonic solvents such as dichloromethane, toluene, acetone and acetonitrile 
are preferable. 

[0071] The quantity of an acid varies, depending on the type of the acid used, with no specific limitation. From the 
respect of the quality (purity) and yield of the objective (2R, 3S) or (2S, 3R) epoxide, a person with an ordinary skill in 
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the art can appropriately determine an appropriate amount at experiments. 

[0072] In case that p-toluenesulfonic acid is used, for example, about 1 to 5 equivalents of the acid to the (2S, 3S) 
or (2R, 3R) epoxide contained as an impurity is preferably used. In case that strong acid ion exchange resins and acid 
zeolite are used, additionally, 1 to 200 % by weight of the acids is preferably used to the (2R, 3S) or (2S, 3R) epoxide 
5 to be treated. 

[0073] The reaction temperature varies, depending on a combination of acids and solvents, but the reaction temper- 
ature is generally -10 to 120 °C, preferably 0 to 100 °C. The reaction time is preferably about 10 minutes to 50 hours, 
with no specific limitation. The objective (2R, 3S) or (2S, 3R) epoxide reacts just slowly with such acid and is converted 
to oxazolidin-2-one, so the reaction for a period more than necessary is not preferable. Like the quantity of the acid to 
10 be used, an appropriate reaction time can readily be determined at an experiment by a person with an ordinary skill in 
the art, by monitoring the concentration of the diastereomer in the reaction solution, from the respect of the demanded 
quality (purity) and yield of the objective compound. 

[0074] Through the acid treatment described above, the diastereomer contained as an impurity is preferentially con- 
verted to oxazolidin-2-one derivative. 

15 




(2R, 3R) epoxide (4R, 5S) oxazolidin-2-one 

40 [0075] Because the oxazolidin-2-one derivative is soluble in water, the oxazolidin-2-one derivative can be readily 
separated and removed by dissolving the oxazolidin-2-one derivative in water or an aqueous mixture solvent. The 
aqueous mixture solvent means a mixture solvent of a water-miscible organic solvent with water; the organic solvent 
includes methanol, ethanol, 1-propanol, 2-propanol, acetone, 2-butanone, acetonitrile and tetrahydrofuran. 
[0076] The method for separating and removing the oxazolidin-2-one derivative in water or an aqueous mixture 

45 solvent comprises extraction or crystallization, but with no specific limitation. In case that the process (d) is performed 
after the process (c), crystallization is performed in an aqueous mixture solvent, so the oxazolidin-2-one derivative is 
separated and removed in the mother liquor. Therefore, generally, it is not necessary to preliminarily remove the oxa- 
zolidin-2-one derivative by extraction and the like, prior to the process (d). 

[0077] The extraction case is described hereinbelow. In this case, water is particularly preferable as the solvent for 
50 dissolving the oxazolidin-2-one derivative. 

[0078] In case that acids dissolvable in solvents, such as p-toluenesulfonic acid, are used at the acid treatment 
process, for example, aqueous basic solutions such as sodium hydrogen carbonate are added under agitation, if nec- 
essary, after an appropriate reaction time, to terminate the reaction. 

[0079] If necessary, thereafter, the organic layer is evaporated, so as to substitute the organic layer with a solvent 
55 preferable for extraction. The extraction solvent includes toluene, tert-butyl methyl ether, ethyl acetate, isopropyl acetate 
and dichloromethane; from the respect of separation and removal efficacy of the oxazolidin-2-one into an aqueous 
phase, toluene is particularly preferable. For extraction, preferably, insoluble matters never soluble in the organic layer 
or in the aqueous phase are preliminarily filtered off. After extraction, the organic layer is separated and preferably 
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rinsed further in water, to efficiently remove (4S, 5R) or (4R, 5S) oxazolidin-2-one. 

[0080] In case that acids insoluble in solvents, such as ion exchange resin and acid zeolite, are used, these acids 
can be removed under filtration to terminate the reaction. If necessary, thereafter, the organic solvent is evaporated, 
so as to substitute the organic solvent with a solvent preferable for extraction. The extraction solvent includes toluene, 

5 tert-butyl methyl ether, ethyl acetate, isopropyl acetate and dichloromethane; from the respect of separation and re- 
moval efficacy of the oxazolidin-2-one into the aqueous phase, toluene is particularly preferable. Then, water or aque- 
ous mixture solvents are added for extraction; then, preferably, insoluble matters never soluble in the organic layer or 
in the aqueous layer are preliminarily filtered off. After extraction, the organic layer is separated and preferably rinsed 
further in water, to efficiently remove (4S, 5R) or (4R, 5S) oxazolidin-2-one. 

w [0081] By the method at the process (c) described above, the diastereomer as an impurity can be removed highly 
efficiently. After the method at the process (a) of preliminarily removing the diastereomer, (2R, 3S) or (2S, 3R) epoxide 
from which the diastereomer is highly removed can be obtained at the process (c). Through the processes (a) and (c) 
of the invention or via the process (d) after these processes, the (2R, 3S) or (2S, 3R) epoxide can be obtained at a 
content of the diastereomer as an impurity below 3 %, preferably below 2 % and more preferably below 1%. The (2R, 

15 3S) or (2S, 3R) epoxide thus afforded can be obtained as solid by evaporating the organic layer under reduced pressure. 
If necessary, further, the resulting solid can be purified with adsorption resins and the like. At the process (d) described 
below, the crystal of the (2R, 3S) or (2S, 3R) epoxide at a high purity can be recovered by such industrially advantageous 
method. 

[0082] The process (d) is described below. 
20 [0083] Through crystallization of the (2R, 3S) or (2S, 3R) epoxide in an aqueous mixture solvent, the crystal at high 
purity can be obtained. 

[0084] Firstly, an aqueous mixture solvent is added to the (2R, 3S) or (2S, 3R) epoxide. The aqueous mixture solvent 
means a mixture solvent of a water- miscible organic solvent with water; and the organic solvent includes methanol, 
ethanol, 1 -propanol, 2-propanol, acetone, 2-butanone, acetonitrile and tetrahydrofuran. Particularly, preference is given 
25 to methanol, ethanol, 2-propanol, acetonitrile and acetone. The composition ratio of water and the organic solvent is 
with no specific limitation but is preferably at 5 to 95 %, more preferably at 25 to 85 % (% is expressed as the ratio of 
the organic solvent in the mixture solvent). 

[0085] The volume of the aqueous mixture solvent to be used is with no specific limitation but for example, the solvent 
of a volume of 2 to 20 ml to 1 g of for example the (2R, 3S) or (2S, 3R) epoxide can be used. 

30 [0086] By subsequently cooling of the mixture, the (2R, 3S) or (2S, 3R) epoxide is crystallized. 

[0087] The temperature for crystallization is preferably -40 °C to 25 °C, particularly preferably -20 °C to 10 °C. The 
crystallization then is performed, satisfactorily, under agitation or while left to stand alone. But the crystallization is 
preferably performed under agitation. Generally, the (2R, 3S) or (2S, 3R) epoxide is not easily crystallized even in the 
aqueous mixture solvent which is a comparatively good solvent for crystallizing (2R, 3S) or (2S, 3R) epoxide in com- 

35 parison with other solvents. However, the crystallization may be easily performed by adding the seed crystal and using 
an aqueous mixture solvent. 

[0088] So as to enhance the purification effect, if necessary, the resulting crystal is heated to about 10 °C to about 
40 °C to partially dissolve the crystal, which is again cooled to -20 °C to 1 0 °C, for crystallization. The resulting crystal 
is preferably washed with water and the like. The process (d) enables efficient removal of the highly polar impurity into 

40 the mother liquor. Thus, highly pure (2R, 3S) or (2S, 3R) epoxide can be obtained. 

[0089] Because the diastereomer (2S, 3S)or(2R, 3R) epoxide is hardly removed even by crystallization, as described 
above, more highly pure (2R, 3S) or (2S, 3R) epoxide can be recovered by performing the processes (a) and (b), or 
the process (c), or a combination of the processes (a), (b) and (c). If necessary, additionally, the process (d) may 
satisfactorily be carried out. at plural times. 

45 [0090] Some embodiments of the invention will now be described in detail in the following examples. It is needless 
to say that the invention is never construed to be limiting to the examples. The ratios of the objective compounds and 
the diastereomers as described in the examples are all expressed in molar ratio. 

Examples 

50 

Reference Example 1 

Production of (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane 

55 [0091] Lithium aluminum tri-tert-butoxyhydride (999 mg) was added to dehydrated diethyl ether (29.3 ml); and the 
resulting mixture was cooled to 0°C. Subsequently, a diethyl ether solution (1 0 ml) of (3S)-3-tert-butoxycarbonylamino- 
1-chloro-4-phenyl-2-butanone (1.06 g) was dropwise added to the resulting mixture, for agitation at 0 °C for 2 hours 
and 20 minutes. To the reaction solution was added aqueous 5 % potassium hydrogen sulfate solution, to quench the 
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reaction, which was then subjected to extraction twice in ethyl acetate; the organic layer was washed by aqueous 
saturated sodium chloride solution and dried over anhydrous magnesium sulfate. After magnesium sulfate was re- 
moved, the resulting ethyl acetate solution was analyzed by HPLC. It was confirmed that the diastereomer mixture of 

3- tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane was obtained in 95% yield. The ratio of the objective 
5 (2R, 3S) compound and the diastereomer (2S, 3S) was (2R, 3S) : (2S, 3S) = 84.7 : 15.3. 

[0092] The resulting solution was evaporated under reduced pressure, to afford crude (2R, 3S)-3-tert-butoxycarbo- 
nylamino-1-chloro-2-hydroxy-4-phenylbutane (1.01 g). 

Example 1 

w 

Purification of (2R t 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane 

[0093] To the crude (2R, 3S)-3-tert-butoxycarbonylamino-1 -chloro-2-hydroxy-4-phenylbutane obtained in Reference 
Example 1 [199.5 mg; (2R t 3S) : (2S, 3R) = 84.7 : 15.3)] was added n-heptane (4 ml), for preparing a slurry, which was 
15 then agitated at 55 °C for one hour. The slurry solution was filtered under heating at 55 °C, to remove insoluble matters. 
From the resulting mother liquor was evaporated the solvent under reduced pressure; the resulting residue was further 
dried at 40 °C under reduced pressure, to afford the crystal of (2R, 3S)-3-tert-butoxycarbonylamino-1 -chloro-2-hydroxy- 

4- phenylbutane [the total yield of (2R, 3S) and (2S, 3R): 148.4 mg( 85.2 %)]. The dried crystal was analyzed by HPLC. 
(2R, 3S) : (2S, 3S) = 97.7 : 2.3. 

20 1H-NMR (CDCI 3 , 300MHz) 5 ppm : 1.38 (s, 9H), 2.91 (dd, J=8.1, 13.2Hz, 1H), 3.01 (dd, J=7.1, 13.2Hz, 1H), 3.14 (d, 
J=4.0Hz, 1 H), 3.53 (s, 1 H), 3.55 (d, J=2.3Hz, 1 H), 3.70-3.77 (m, 1 H), 3.79-3.89 (m, 1 H), 4.88 (bd, 1 H), 7.1 9-7.35 (m, 5H) 
Mass spectrum m/e: 322 (M+Na + ) 

Example 2 

25 

Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane 

[0094] To the crude (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane [199.7 mg; (2R, 3S) : 
(2S, 3S) = 84.7 : 15.3] obtained in Reference Example 1 was added n-hexane (4 ml), for preparing a slurry, which was 
30 then agitated at 55 °C for one hour. The slurry solution was filtered under heating at 55 °C, to remove insoluble matters. 
From the resulting mother liquor was evaporated the solvent under reduced pressure, and the resulting residue was 
further dried at 40 °C under reduced pressure, to afford the crystal of (2R f 3S)-3-tert-butoxycarbonylamino-1-chloro- 
2-hydroxy-4-phenylbutane [the total yield of (2R, 3S) and (2S, 3S): 145.0 mg (76.1 %)]. The dried crystal was analyzed 
by HPLC. (2R, 3S) : (2S, 3S) = 96.0 : 4.0. 

35 

Example 3 

Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane 

40 [0095] To the crude (2R, 3S)-3-tert-butoxycarbonylamino-1 -chloro-2-hydroxy-4-phenylbutane [1 61 .1 8 mg; (2R, 3S) : 
(2S, 3S) = 84.7 : 1 5.3] obtained in Reference Example 1 was added cyclohexane (3.2 ml), for preparing a slurry, which 
was then agitated at 50 °C for one hour and cooled to ambient temperature, followed by agitation for one hour. The 
slurry solution was filtered, to remove insoluble matters. From the resulting mother liquor was evaporated the solvent 
under reduced pressure, and the resulting residue was further dried at 40 °C under reduced pressure, to afford the 

45 crystal of (2R, 3S)-3-tert-butoxycarbonylamino-1 -chloro-2-hydroxy-4-phenylbutane [the total recovery of (2R, 3S) and 
(2S, 3S) : 112.6 mg; total yield of 77.2%]. The dried crystal was analyzed by HPLC. (2R, 3S) : (2S, 3S) = 96.7 : 3.3. 

Example 4 

50 Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1 -chloro-2-hydroxy-4-phenylbutane 

[0096] To the crude (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane [200.6 mg; (2R, 3S) : 
(2S, 3S) = 84.7 : 15.3) obtained in Reference Example 1 was added methylcyclohexane (4 ml), for preparing a slurry, 
which was then agitated at 55 °C for one hour. The slurry solution was filtered under heating at 55 °C, to remove 
55 insoluble matters. From the resulting mother liquor was evaporated the solvent under reduced pressure, and the re- 
sulting residue was further dried at 40 °C under reduced pressure, to afford the crystal of (2R, 3S)-3-tert-butoxycarb- 
onylamino-1-chloro-2-hydroxy-4-phenylbutane [the total yield of (2R, 3S) and (2S, 3S): 155.0 mg(88.9 %)]. The dried 
crystal was analyzed by HPLC. (2R, 3S) : (2S, 3S) = 96.3 : 3.7. 
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Reference Example 2 

Production of (2S, 3R)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane 

5 [0097] To dehydrated diethyl ether (12.6 ml) was added lithium aluminum tri-tert-butoxyhydride (457 mg), and the 
resulting mixture was cooled to -20 °C, followed by dropwise addition of a diethyl ether solution (5.3 ml) of (3R)-3-tert- 
butoxycarbonylamino-1-chloro-4-phenyl-2-butanone (500 mg). The resulting mixture was stirred at -20 °C for 6 hours. 
To the reaction solution was added aqueous 5 % potassium hydrogen sulfate solution, to quench the reaction, which 
was then subjected to extraction twice in ethyl acetate; the organic layer was washed by aqueous saturated sodium 

10 chloride solution and dried over anhydrous magnesium sulfate. After removal of magnesium sulfate, the resulting ethyl 
acetate solution was analyzed by HPLC. It was confirmed that the diastereomer mixture of 3-tert-butoxycarbonylamino- 
1-chloro-2-hydroxy-4-phenylbutazone was obtained in 90 % yield. The ratio of the objective (2S, 3R) compound and 
the isomer (2R, 3R) was (2S, 3R) : (2R, 3R) = 76.9:23.1. 

[0098] The solvent was evaporated from the resulting solution under reduced pressure, to afford crude (2S, 3R)- 
15 3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane (0.502 g) in solid for use as a raw material in Example 
5 below. 

Example 5 

20 Purification of (2S, 3R)-3-tert-butoxycarbonylamino-1 -chloro-2-hydroxy-4-phenylbutane 

[0099] To the crude (2S, 3R)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane [502 mg; (2S, 3R) : 
(2R, 3R) = 76.9:23.1] Obtained in Reference Example 2 was added n-hexane (10 ml) to prepare a slurry, and the 
resulting slurry was agitated at 55 °C for one hour. The slurry was filtered under heating at 55 °C, to remove insoluble 
25 matters. From the resulting mother liquor was evaporated the solvent under reduced pressure, which was then dried 
at 40 °C under reduced pressure, to afford(2S, 3R)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane in 
crystal [(2S, 3R) yield: 375.5 mg (94.3 %)]. The resulting dried crystal was analyzed by HPLC. (2S, 3R) :(2R, 3R) = 
97.7:2.8. 

30 Example 6 

Production of (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane 

[01 00] (2R, 3S)-3-tert-butoxycarbonylamino-1 -chloro-2-hydroxy-4-phenylbutane (1 00 mg) and potassium carbonate 
35 (91 .5 mg) were added to methanol (2.0 ml), for agitation at ambient temperature for 4 hours. Aqueous 1 0 % citric acid 

solution (0.204 ml) and water (0.408 ml) were added to the resulting mixture, from which the solvent was evaporated 

under reduced pressure. To the residue were added water (1 ml) and ethyl acetate (1 ml) for extraction; the organic 

phase was concentrated under reduced pressure, to afford (2R, 3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylb- 

utane [(2R, 3S) yield: 81.4 mg (93.5 %)]. 
40 1H-NMR (CDCI 3 , 300MHz) 5 ppm : 1.38 (s, 9H), 2.59 (bs, 1H), 2.69 (t, J=4.4Hz, 1H), 2.83-3.04 (m, 3H), 4.12 (bs, 1H), 

4.48 (bs, 1H), 7.17-7.37 (m, 5H) 

Mass spectrum m/e: 286 (M+Na + ) 

Example 7 

45 

Production of crystal of (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane 

[01 01 ] To (2R, 3S)-3-tert-butoxycarbonylamino-1 -chloro-2-hydroxy-4-phenylbutane [(2R, 3S) content of 300 mg; (2S, 
3S) content of 6.67 mg] obtained in the same manner as in Example 1 were added ethanol (3.40 ml), water (0.109 ml) 

so and potassium carbonate (755 mg), for agitation at ambient temperature for 5 hours and further agitation at 30°C for 
one hour. After cooling to 5 °C, aqueous 17.5 % citric acid solution (3.99 g ) was added. After phase separation at 0 
°C, the ethanol layer was cooled to -1 0 °C, followed by addition of the seed crystal and overnight agitation, to crystallize 
(2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane. The resulting slurry was filtered, to afford (2R, 3S)- 
3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane. [(2R, 3S) yield: 191 mg (71.6%)]. The dried crystal was ana- 

55 lyzed by HPLC. (2R, 3S) : (2S, 3S) = 96.8:3.2. 
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Example 8 

Production of crystal of (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane 

5 [0102] Acetone (0.8 ml) and aqueous 2.5 mol/l sodium hydroxide solution (0.2 ml) were added to (2R, 3S)-3-tert- 
butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane [(2R, 3S) content of 97.8 mg; (2S, 3S) content of 2.2 mg] 
obtained in the same manner as in Example 1, for agitation at ambient temperature for 2 hours and 50 minutes. The 
resulting mixture was separated into phases. To the resulting acetone layer was added water (1.18 ml), which was 
then cooled to -10 °C, followed by addition of the seed crystal and overnight agitation, to crystallize (2R, 3S)-3-tert- 

io butoxycarbonylamino-1,2-epoxy-4-phenylbutane. The resulting slurry was filtered, to recover the crystal of (2R, 3S)- 
3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane [(2R, 3S) yield: 64.2 mg (75 %)]. The dried crystal was analyzed 
by HPLC. (2R, 3S) : (2S, 3S) = 97.9 : 2.1 . 

Example 9 

15 

Production of (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane 

[0103] 2-Propanol (342 ml) and aqueous 2.5 mol/l sodium hydroxide solution (85.8 ml) were added to (2R, 3S)-3-tert- 
butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane [(2R, 3S) content of 40.6 g; (2S, 3S) content of 1.66 g] ob- 
20 tained in the same manner as in Example 1, for agitation at 0 °C for 1.5 hours. Aqueous 13.8 % citric acid solution 
(99.5 g) was added to the resulting mixture, and then, 2-propanol was evaporated under reduced pressure. To the 
resulting residue was added toluene (342 ml) for extraction; and the organic layer was concentrated under reduced 
pressure, to afford (2R, 3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane (37.2 g ) [the total yield of (2R, 3S) 
and (2S, 3S) : 98.3 %], which was then analyzed by HPLC. (2R, 3S) : (2S, 3R) = 96.1:3.9. 

25 

Example 1 0 

Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane 

30 [0104] Toluene (5.4ml) and p-toluenesulfonic acid monohydrate (25.9 mg) were added to (2R, 3S)-3-tert-butoxycar- 
bonylamino-1,2-epoxy-4-phenylbutane [(2R, 3S) content of 443.3 mg; (2S, 3S) content of 11.9 mg] obtained in the 
same manner as in Example 9, for agitation at 18 °C for 2 hours. Aqueous saturated sodium hydrogen carbonate 
solution was added to the reaction mixture to quench the reaction, and then, the organic layer was washed by aqueous 
saturated sodium chloride solution, dried over anhydrous magnesium sulfate and filtered. The filtrate was analyzed by 

35 HPLC. (2R, 3S) : (2S, 3S) = 99.6 : 0.4; additionally, the recovery yield of (2R, 3S)-3-tert-butoxycarbonylamino- 
1 ,2-epoxy-4-phenylbutane was 77.5 %. 

[01 05] A part of the filtrate [containing 229.4. mg of (2R, 3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane] 
was charged and concentrated, which was then separated and purified on a column packed with a synthetic adsorption 
resin CHP20P (29 ml; Mitsubishi Chemical). The resulting fraction was concentrated and extracted in n-heptane. The 
40 organic layer was concentrated, to afford (2R, 3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane in solid [(2R, 
3S) yield: 198 mg (86.5 %)]. The solid was analyzed by HPLC. (2R, 3S) : (2S, 3S) = 99.6 : 0.4. 

Example 11 

45 Acid treatment of (2R, 3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane 

[0106] To (2R, 3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane obtained in Example 9 [(2R, 3S) content 
of 35.7 g; (2S, 3S) content of 1 .45 g] were added dichloromethane (91 6 ml) and Amberlyst ® (Aldrich; 1 5 ion exchange 
resin; 25.0 g) ; the mixture was agitated at ambient temperature for 2 hours and 50 minutes. Amberlyst® was removed 

50 by filtration; the filtrate was concentrated under reduced pressure, to remove the solvent. Toluene (200 ml) and water 
(200 ml) were added to the resulting residue, to remove insoluble matters under filtration. The filtrate was subjected 
to phase separation, which was dried by using anhydrous sodium sulfate. From the resulting layer was evaporated the 
solvent under reduced pressure. Furthermore, n-heptane (20 ml) was added to the residue, from which the solvent 
was removed under reduced pressure, to afford (2R, 3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane [(2R, 

55 3S) yield: 23.4 g (66 %)]. HPLC analysis showed that (2R, 3S) : (2S, 3S) = 99.2 : 0.8. 
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Example 12 

Acid treatment of (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane 

5 [0107] To (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane obtained in the same manner as in Ex- 
ample 9 [(2R, 3S) content of 92.8 mg; (2S, 3S) content of 2.2 mg] were added toluene (2 ml) and Amberlyst ® (Aldrich; 
15 ion exchange resin; 28.9 mg); the mixture was agitated at 40 °C for 29 hours, followed by addition of Amberlist 
(29.5 mg) and agitation at 60 °C for 1 9 hours. The reaction solution was analyzed by HPLC. (2R, 3S) : (2S, 3S) = 99.5 : 
0.5. The recovery yield of (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane was 81.3 %. 

10 

Example 13 

Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane 

15 [0108] Dichloromethane (0.6 ml) and zeolite (Zeolyst International; Zeolyst ® CBV90A; 71 mg) were added to (2R, 
3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane [(2R, 3S) content of 20.7 mg; (2S, 3S) content of 0.7 mg] 
obtained in the same manner as in Example 9, for agitation at ambient temperature for 6.5 hours. The reaction solution 
was analyzed by HPLC. (2R, 3S) : (2S, 3S) = 99.6 : 0.4; additionally, the recovery yield of (2R, 3S)-3-tert-butoxycarb- 
onylamino-1,2-epoxy-4-phenylbutane was 80.9 %. 

20 

Example 14 

Production of (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane crystal 

25 [01 09] Methanol (30.5 ml) and water (20.5 ml) were added to (2R, 3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phe- 
nylbutane [(2R, 3S) content of 11 .1 g; (2S, 3S) content of 75.5 mg; (2R, 3S) purity = 95.3 %; HPLC area ratio] obtained 
by the same method as in Example 11. The resulting mixture was cooled to -10 °C, followed by addition of the seed 
crystal for overnight agitation, to crystallize (2R, 3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane. After ad- 
dition of methanol (1 7.3 ml) at -1 0°C, the temperature was raised to 0 °C for agitation for one hour, followed by cooling 

30 again to -10 °C. The resulting slurry was filtered and washed by 70 % methanol (5 ml) at -10 °C, to afford (2R, 3S)- 
3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane in crystal (6.78 g) [the total yield of (2R, 3S) and (2S, 3S) was 
61 .1 %]. The HPLC analysis shows (2R, 3S) : (2S, 3S) = 99.5:0.5. Additionally, the purity was 98.0% (HPLC area ratio). 

Example 15 

35 

Production of (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane crystal 

[01 10] Methanol (7.7 ml) and water (5.1 ml) were added to (2R, 3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phe- 
nylbutane [(2R, 3S) content of 2.94 g; (2S, 3S) content of 1 4.8 mg; (2R, 3S) purity = 98.0 %; HPLC area ratio] obtained 

40 jn Example 14. The resulting mixture was cooled to -10 °C, followed by addition of the seed crystal for agitation, to 
crystallize (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane. The temperature was raised to ambient 
temperature, followed by addition of methanol (6.4 ml) and water (0.9 ml) and further agitation for 1 5 minutes; and the 
resulting mixture was again cooled to -10 °C. The resulting slurry was filtered and washed by 70 % methanol (6 ml) at 
-10 °C, to afford (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane in crystal (2.03 g) [the total yield of 

45 (2R, 3S) and (2S, 3S) was 67.2 %]. The HPLC analysis shows (2R, 3S) : (2S, 3S) = 99.6:0.4. Additionally, the purity 
was 99. 3 % by HPLC (HPLC area ratio). 

1 H-NMR (CDCI 3 , 300MHz) 5 ppm : 1 . 38 (s, 9H), 2.59 (bs, 1 H), 2.69 (t, J=4.4Hz, 1 H), 2.83-3.04 (m, 3H), 4. 1 2 (bs, 1 H), 
4.48 (bs, 1H), 7.17-7.37 (m, 5H) 
Mass spectrum m/e: 286 (M+Na+) 
so [<x] D 20 =-15.2° (c=1 .0, MeOH) 
Melting point: 46 to 47 °C 

Reference Example 3 

55 Production of (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane 

[0111] Lithium aluminum tri-tert-butoxyhydride (28.2 g) was added to dehydrated diethyl ether (600 ml) in argon 
atmosphere, and the resulting mixture was cooled to 0 °C, followed by addition of (3S)-3-tert-butoxycarbonylamino- 
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1-chloro-4-phenyl-2-butanone (30.0 g), for agitation at 0 °C for 2.5 hours. To the reaction solution was added aqueous 
1N hydrochloric acid solution (222 ml), to quench the reaction; the organic layer was washed by aqueous 1N hydro- 
chloric acid solution and aqueous saturated sodium chloride solution; and the resulting organic layer was analyzed by 
HPLC. It was confirmed that the diastereomer mixture of 3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbu- 
s tane was obtained in 92.0 % yield. The ratio of the objective (2R, 3S) and the diastereomer (2S, 3S) generated was 
(2R,3S):(2S,3S) = 87.4: 12.6. 

[0112] From the resulting solution was evaporated the solvent under reduced pressure, to afford crude (2R, 3S)- 
3-tert-butoxycarbonylamino-1 -chloro-2-hydroxy-4-phenylbutane (33.2 g). 

10 Example 16 

Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane and production of (2R, 3S)- 
3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane 

15 [0113] 2-Propanol (62.1 ml) and water (20.7 ml) were added to (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hy- 
droxy-4-phenylbutane (33.2 g) [(2R, 3S) : (2S, 3S) = 87.4 : 12.6] obtained in Reference Example 3, for agitation at 70 
°C for one hour. The resulting solution was cooled over 10 hours to 20 °C. Insoluble matters generated under cooling 
was removed under filtration at 20 °C. 2-Propanol (14.3 ml) and aqueous 3.26 mol/l sodium hydroxide solution (42.3 
ml) were added to the resulting mother liquor, followed by agitation at 4 °C for 2 hours. The reaction solution was 

20 analyzed by HPLC. The objective (2R, 3S) compound was at 93.9 % (HPLC area ratio). After the reaction was quenched 
by the addition of aqueous 1.06 % citric acid solution, water (73.2 ml) was added. After cooling from 27 °C to -10 °C 
over 2.5 hours, the addition of the seed crystal and overnight agitation enabled the crystallization of (2R, 3S)-3-tert- 
butoxycarbonylamino-1,2-epoxy-4-phenylbutane. By filtration of the resulting slurry, the crystal (20.4 g) of (2R, 3S)- 
3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane was obtained (the yield of (2R, 3S) :85.0 %]. The dried crystal 

25 was then analyzed by HPLC. (2R, 3S) : (2S, 3S) = 97.9:2.1 . Additionally, the purity of (2R, 3S) was 96.4 % (HPLC area 
ratio). 

Example 17 

30 Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane 

[0114] 2-Propanol (8.1 ml) and water (2.7 ml) were added to (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hy- 
droxy-4-phenylbutane [(2R, 3S) content of 3.05 g; (2S, 3S) content of 0.55 g, (2R, 3S) : (2S, 3S)= 84.7:15.3] obtained 
in the same manner as in Reference Example 3, to prepare a slurry, for agitation at 60°C for one hour, which was then 
35 cooled to 24 °C over 1. 3 hours. The slurry was filtered at 24 °C, to remove insoluble matters. The resulting mother 
liquor was analyzed by HPLC. (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane (2.8 g) was 
obtained in 91.3% recovery yield. (2R, 3S) : (2S, 3S) = 97.1:2.9. Additionally, the purity of (2R, 3S) was at 94.4 % 
(HPLC area ratio). 

40 Example 18 

Production of (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane 

[0115] 2-Propanol (12.9 ml) and aqueous 6.08 mol/l sodium hydroxide solution (2.94 g) were added to a solution 
45 containing (2R, 3S)-3-tert-butoxycarbonylamino-1 -chloro-2-hydroxy-4-phenylbutane obtained in Example 1 7 [(2R, 3S) 
content of 2.79 g; (2S, 3S) content of 83.9 mg], for agitation at 4 °C for 15 hours. The resulting solution was analyzed 
by HPLC, which indicates that the objective (2R, 3S) compound was at 94.0 % (HPLC area ratio). After the reaction 
was quenched by the addition of aqueous 4.4 % citric acid solution (20.9 g), the reaction solution was cooled from 25 
°C to -10 °C over 2. 3 hours; then, the seed crystal was added, followed by addition of water (19.2 ml) for overnight 
so agitation, to crystallize (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane. By filtration of the resulting 
slurry, the crystal of the objective (2R, 3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane was obtained [(2R, 
3S) yield : 2.4 g (96.2%)]. The dried crystal was then analyzed by HPLC. (2R, 3S) : (2S, 3S) = 97.9:2.1 . Additionally, 
the purity of (2R, 3S) was at 95.4 % (HPLC area ratio). 

55 
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Example 19 

Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane 

5 [0116] Acetone (4.68 ml) and water (1.56ml) were added to (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hy- 
droxy-4-phenylbutane [(2R, 3S) content of 1.33 g; (2S, 3S) content of 0.34 g] obtained by the same method as in 
Reference Example 3, to prepare a slurry, which was then agitated at ambient temperature for 2.5 hours. The slurry 
was filtered at ambient temperature, to remove insoluble matters. The resulting mother liquor was analyzed by HPLC. 
The recovery yield of (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane was 74.5 % (0.99 g). 

10 (2R, 3S) : (2S, 3S) = 96.6 : 3.4. 

Example 20 

Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane and production of (2R, 3S)- 
15 3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane 

[0117] 2-Propanol (25.3 ml) and water (8.5 ml) were added to (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hy- 
droxy-4-phenylbutane [(2R, 3S) content of 11.28 g; (2S, 3S) content of 1.55 g] obtained by the same method as in 
Reference Example 3, to prepare a slurry, followed by addition of potassium chloride (329 mg) at 70 °C, which was 

20 then agitated for 15 hours and cooled to 20 °C over 2.5 hours. The slurry was filtered at 20 °C, to remove insoluble 
matters. 2-Propanol (58.7 ml) and water (3.2 ml) were added to the resulting mother liquor, followed by cooling at 4 
°C and addition of aqueous 4 mol/l sodium hydroxide solution (14.1 ml), for agitation at 4 °C for 2.5 hours. The reaction 
solution was analyzed by HPLC. The objective (2R, 3S) compound was at 93.6 % (HPLC area ratio). The reaction was 
quenched by addition of aqueous 0.85 % citric acid solution (142 g). After cooling from 27 °C to -10 °C for 2.5 hours, 

25 the addition of the seed crystal and overnight agitation enabled the crystallization of (2R, 3S)-3-tert-butoxycarbonylami- 
no-1,2-epoxy-4-phenylbutane. The resulting slurry was filtered; to the resulting crystal was added water (56.4 ml), to 
prepare a slurry, followed by agitation at 20 °C for one hour; the slurry was filtered and dried, to afford the crystal of 
(2R, 3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane [(2R, 3S) recovery yield of 7.94g (80.2 %)]. The dried 
crystal was analyzed by HPLC. (2R, 3S) : (2S, 3S) = 98.1 : 1.9. Additionally, (2R, 3S) purity was at 97.6 % (HPLC area 

30 ratio). 

Example 21 

Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane 

35 

[01 18] Acetonitrile (48.5 ml) and zeolite (Zeolyst International; Zeolyst ® CBV600; 4.05 g) were added to (2R, 3S) 
-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane [(2R, 3S) content of 7.99 g; (2S, 3S) content of 154 mg] ob- 
tained in Example 20, for agitation at ambient temperature for 24 hours. The reaction solution was analyzed by HPLC. 
The objective (2R, 3S) compound was at 87.0 % (HPLC area ratio). The reaction. solution was filtered through celite; 
40 to the resulting mother liquor was added water (161 ml), and the mixture was then cooled from 25 °C to -5 °C over 5 
hours. The addition of the seed crystal and overnight agitation enabled the crystallization of (2R, 3S)-3-tert-butoxycar- 
bonylamino-1 ,2-epoxy-4-phenylbutane. The slurry was filtered and dried, to afford the crystal of (2R, 3S)-3-tert-butox- 
ycarbonylamino-1 ,2-epoxy-4-phenylbutane [(2R, 3S) yield: 5.56 g (68.7 %)]. The dried crystal was analyzed by HPLC. 
(2R, 3S) : (2S, 3S) = 99.5 : 0.5; additionally, the purity of (2R, 3S) was at 97.5 % (HPLC area ratio). 

45 

Reference Example 4 

Production of (4S, 5R)-5-hydroxymethyl-4-phenylmethyloxazolidin-2-one 

so [0119] Ethanol (27.5 ml) was added to (2S, 3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane (2.75 g), fol- 
lowed by addition of aqueous 6.8 % citric acid solution (29.5 g) and agitation at 70 °C for 2 hours. After cooling to 
ambient temperature, ethanol was removed under reduced pressure. The product was extracted by using ethyl acetate, 
followed by drying over anhydrous sodium sulfate and concentration under reduced pressure. Furthermore, a mixture 
solvent of hexane (2.5 ml) and ethyl acetate (2.5 ml) was added, to generate crystal. The crystal was filtered, and then, 

55 the crystal was rinsed twice by using a mixture solvent of hexane/ethyl acetate (1/1). The resulting crystal was dried, 
to afford the objective (4S, 5R)-5-hydroxymethyl-4-phenylmethyloxazolidin-2-one (1.79 g) in 80 % yield. 
1 H-NMR(DMSO-d6, 300MHz) 5 ppm : 2.73-2.86 (m, 2H), 3.20 (dt, 1H, J=12.3, 5.1 Hz), 3.30-3.41 (m, 1H), 3.80 (ddd, 
1H, J=5.7, 5.7, 5.7 Hz), 4.13-4.18 (ddd, 1H, J=5.7, 5.7, 5.7 Hz), 5.01 (dd, 1H, J=5.7, 5.7 Hz), 7.17-7.37 (m, 5H) 



18 



EP1 081 133 B1 

13 C-NMR (DMSO-d6, 300MHz) 8 ppm : 40.4, 54.1, 61.9, 80.5, 126. 7, 128.5, 129.7, 136.6, 158.1 
Mass spectrum m/e: 208 (M+Na + ) 
[a] D 20=-47.2° (c=1.0. MeOH) 

s Reference Example 5 

Production of (4S, 5R)-5-hydroxymethyl-4-phenylmethylthiooxazolidin-2-one 

[0120] Toluene (2.24 ml) and p-toluenesulfonlc acid monohydrate (81 mg) were added to (2S, 3S)-3-tert-butoxycar- 
io bonylamino-1,2-epoxy-4-phenylbutane (112 mg), followed by agitation at 40°C for one hour. After the reaction was 
quenched by the addition of aqueous saturated sodium hydrogen carbonate solution, the product was extracted by 
using ethyl acetate. The organic layer was analyzed by HPLC. It was confirmed that (4S, 5R)-5-hydroxymethyl-4-phe- 
nylmethyloxazolidin-2-one (88.1 mg) was quantitatively obtained. 

15 Example 22 

Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane 

[0121] Toluene (5.0 ml) was added to (2R, 3S)-3~tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane [(2R, 
20 3S) content of 0.818 g; (2S, 3S) content of 0.162 g] [(2R, 3S) : (2S, 3S) = 83.4 : 16.6] obtained by the same method 
as in Reference Example 3, to prepare a slurry, which was then agitated at 70 °C for 0.5 hour and cooled to 1 0 °C over 
10 hours. The slurry was filtered at 10 °C, to remove insoluble matters. The resulting mother liquor was analyzed by 
HPLC. (2R, 3S)-3-tert-Butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane (0.745g) was obtained in 91 .1 % re- 
covery yield. (2R, 3S) : (2S, 3S) = 98.8:1 .2. 

25 

Example 23 

Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane 

30 [0122] Chlorobenzene (14.0 ml) was added to (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylb- 
utane [(2R, 3S) content of 1 .59 g; (2S, 3S) content of 0.22 g] [(2R, 3S) : (2S, 3S) = 88.0 : 12.0] obtained by the same 
method as in Reference Example 3, to prepare a slurry, which was then agitated at 70 °C for 0.5 hour and cooled to 
10 °C over 10 hours. The slurry was filtered at 10 °C, to remove insoluble matters. The resulting mother liquor was 
analyzed by HPLC. (2R, 3S)-3-tert-Butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane (1.15g) was obtained in 

35 94.9% recovery yield. (2R, 3S) : (2S, 3S) = 98.4:1 .6. 

Example 24 

Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane 

40 

[0123] Xylene (the mixture of 10 % o-xylene, 70 % m-xylene, 10 % p-xylene, 10 % ethylbenzene) (14.0 ml) was 
added to (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane [(2R, 3S) content of 1.59 g; (2S, 
3S) content of 0.22 g] [(2R, 3S) : (2S, 3S) = 88.0 : 12.0] obtained by the same method as in Reference Example 3, to 
prepare a slurry, which was then agitated at 70 °C for 0.5 hour and cooled to 10 °C over 10 hours. The slurry was 
45 filtered at 10 °C, to remove insoluble matters. The resulting mother liquor was analyzed by HPLC. (2R, 3S)-3-tert- 
Butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane (1.33g) was obtained in 83.5 % recovery yield. (2R, 3S) : 
(2S, 3S) = 98.7:1.3. 

Example 25 

50 

Purification of (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane 

[0124] Benzene (14.0 ml) was added to (2R, 3S)-3-tert-butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane 
[(2R, 3S) content of 1 .59 g; (2S, 3S) content of 0.22 g] [(2R, 3S) : (2S, 3S) = 88.0 : 1 2.0] obtained by the same method 
55 as in Reference Example 3, to prepare a slurry, which was then agitated at 70 °C for 0.5 hour and cooled to 10 °C over 
10 hours. The slurry was filtered at 10 °C, to remove insoluble matters. The resulting mother liquor was analyzed by 
HPLC. (2R, 3S)-3-tert-Butoxycarbonylamino-1-chloro-2-hydroxy-4-phenylbutane (1.43g) was obtained in 89.9 % re- 
covery yield. (2R, 3S) : (2S, 3S) = 97.0:3.0. 
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Example 26 

Production of crystal of (2R, 3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane 

5 [01 25] The solution of (2R,3S)-3-tert-butoxycarbonylamino-1 -chloro-2-hydroxy-4-phenylbutane {(2R,3S) content of 
5.99g; (2S,3S)content of 80mg} obtained in the same manner as in Example 22 was concentrated, and then 2-propanol 
(30.8ml) and water (1 0.3ml) were added to the resulting residue. After cooling to 4°C, 4mol/l sodium hydroxide solution 
(7.7ml) was added, followed by agitation at 4°C for 70 minutes. The reaction solution was analyzed by HPLC. The 
objective (2R,3S) compound was at 97.1% (HPLC area ratio). After the reaction was quenched by the addition of 

10 aqueous 1.5% citric acid solution, the resulting mixture was cooled to -3°C, followed by addition of the seed crystal 
and agitation for 30 minutes. The mixture was cooled to -10°C over 1 hour and was agitated for 2 hours, to crystallize 
(2R,3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenyibutane. After filtration of the resulting slurry, water (61.6ml) 
was added to the resulting crystal, for preparing slurry, which was then agitated at ambient temperature for 30 minutes, 
to filtrate the slurry. The resulting crystal was dried to obtain the objective crystal of (2R, 3S)-3-tert-butoxycarbonylami- 

15 no-1 , 2-epoxy-4-phenylbutane(the yield of (2R,3S): 4.92g (93.5%)). The dry crystal was analyzed by HPLC. (2R,3S): 
(2S,3S)=97.9:2.1. Additionally, the purity of (2R, 3S) was 98.3% (HPLC area ratio). 

Example 27 

20 Purification of (2R,3S)-3-tert-butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane 

[0126] Acetonitrile (15ml) and zeolite (Zeolyst International; Zeolyst® CBV400;2.50g) were added to (2R,3S)-3-tert- 
butoxycarbonylamino-1 ,2-epoxy-4-phenylbutane ((2R.3S) content of 2.46g; (2S,3S)content of 37.5mg) obtained in Ex- 
ample 26, for agitation at 25°C for 5.5 hours. The reaction solution was analyzed by HPLC. The objective (2R, 3S) 

25 compound was at 78.7% (HPLC area ratio). The reaction solution was filtrated through celite and then the celite was 
washed by acetonitrile. The resulting mother liquor was concentrated to obtain oil. Acetonitrile (11.5ml) and water 
(38.5ml) were added to the oil, and the mixture was cooled from ambient temperature to -5°C over 4 hours. The seed 
crystal was added to the mixture and the mixture was agitated for 3 hours, to crystallize (2R,3S)-3-tert-butoxycarbo- 
nylamino-1 ,2-epoxy-4-phenylbutane. The slurry was filtered; to the resulting crystal was added water(25ml), to prepare 

30 a slurry again, followed by agitation at ambient temperature for 30 minutes; the slurry was filtered and dried, to afford 
the crystal of (2R,3S)-3-tert-butoxycarbonylamino-1,2-epoxy-4-phenylbutane {(2R,3S)yield: 1.56g (63.2%). The dried 
crystal was analyzed by HPLC. (2R,3S):(2S:3S)=99.7:0.3; additionally, the purity of (2R.3S) was at 98.8% (HPLC area 
ratio). 

[0127] In summary, as has been described above, embodiments of the invention may facilitate production of (2S, 
35 3R)-N-carbamate-protected p-aminoepoxide or (2R, 3S)- or (2S, 3R)-N-carbamate-protected p-aminoalcohol by an 
efficient and industrially advantageous method. 



Claims 

40 

1. A method for producing N-carba mate-protected p-aminoepoxide crystal comprising the following step (d): 

(d) a step of crystallizing the N-carbamate-protected p-aminoepoxide represented by the general formula (2) 
in a mixed solvent comprising a water-miscible organic solvent and water: 

45 



50 




[in the formula, R represents a lower alkyl group having 1 to 8 carbon atoms, benzyl group or fluorenylmethyl 
55 group; A represents an unsubstituted or substituted alkyl group with 1 to 10 carbon atoms, an unsubstituted 

or substituted aryl group with 6 to 15 carbon atoms or an unsubstituted or substituted aralkyl group with 7 to 
20 carbon atoms, or a group containing one or more hetero atoms in these carbon backbones; * represents 
asymmetric carbon atom; the steric configuration at 2- and 3-positions is (2R, 3S) or (2S, 3R)]. 
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A method according to claim 1 , wherein the mixed solvent of step (d) is a mixture of water and an organic solvent 
selected from acetone, methanol, ethanoi, 2-propanol and acetonitrile. 

A method according to claim 1 or claim 2 for producing N-carbamate-protected p-aminoepoxide crystal, further 
comprising the following step (c) before step (d): 

(c) a step of treating the N-carbamate-protected p-aminoepoxide containing at least the diastereomer as an 
impurity and being represented by the general formula (2) with an acid, thereby converting the diastereomer 
as an impurity to oxazolidin-2-one derivative represented by the general formula (3): 



[in the formula, R represents a lower alkyl group having 1 to 8 carbon atoms, benzyl group or fluorenylmethyl 
group; A represents an unsubstituted or substituted alkyl group with one to 10 carbon atoms, an unsubstituted 
or substituted aryl group with 6 to 15 carbon atoms or an unsubstituted or substituted aralkyl group with 7 to 
20 carbon atoms, or a group containing one or more hetero atoms in these carbon backbones; * represents 
asymmetric carbon atom; the steric configuration at 2- and 3-positions is (2R, 3S) or (2S, 3R)] 



[in the formula, A and * represent the same meaning as described above; the steric configuration at 4- and 
5-positions is (4S, 5R) or (4R, 5S)], 

and, if necessary, separating and removing the resulting oxazolidin-2-one derivative in wateror an aqueous mixture 
solvent. 

A method according to claim 3, wherein at the step (c), the acid is a solid acid insoluble in solvents. 

A method according to claim 1 or claim 2 for producing N-carbamate-protected p-aminoepoxide crystal wherein 
the step (d) is preceded by steps (a) and (b): 

(a) a step for producing N-carbamate-protected p-aminoalcohol comprising dissolving N-carbamate-protected 
p-aminoalcohol containing at least the diastereomer as an impurity and being represented by the general 
formula (1) in a solvent comprising at least one or more selected from aromatic hydrocarbon solvent, aryl 
halide solvent, saturated hydrocarbon solvents, and mixed solvents comprising a water-miscible organic sol- 
vent and water, to remove insoluble matters: 
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5 




*o [in the formula, R represents a lower alkyl group having 1 to 8 carbon atoms, benzyl group or fluorenylmethyl 

group; A represents an unsubstituted or substituted alkyl group with 1 to 10 carbon atoms, an unsubstituted 
or substituted aryl group with 6 to 15 carbon atoms or an unsubstituted or substituted aralkyl group with 7 to 
20 carbon atoms, or a group containing one or more hetero atoms in these carbon backbones; X 
represents halogen atom; * represents asymmetric carbon atom; the steric configuration at 2- and 3-positions 

15 is(2R,3S)or(2S,3R)];and 

(b) a step of treating the N-carba mate-protected p-aminoalcohol represented by the general formula (1) with 
a base, thereby converting the N-carbamate-protected p-aminoalcohol to N-carbamate-protected p-aminoe- 
poxide represented by the general formula (2): 



20 




[in the formula, R, A and * represent the same meanings as described above; the steric configuration at 2- 
and 3-positions is (2R, 3S) or (2S, 3R)]. 

30 

6. A method according to claim 3 or claim 4 wherein the steps (c) and (d) are preceded by steps (a) and (b) as set 
out in claim 5. 

7. A method according to claim 5 or claim 6, wherein at the step (a), the aromatic hydrocarbon solvent comprises at 
35 least one or more selected from toluene, xylene and benzene; the aryl halide solvent comprises at least one or 

more selected from chlorobenzene and bromobenzene; the saturated hydrocarbon solvent comprises at least one 
or more selected from n-hexane, n-heptane, cyclohexane and methylcyclohexane; the mixed solvent comprises 
water and an organic solvent selected from methanol, ethanol, 1-propanol, 2-propanol, acetone, 2-butanone, ac- 
etonitrile and tetrahydrofuran. 

40 

8. A method according to claim 7, wherein at the step (a), the aromatic hydrocarbon solvent comprises at least one 
or more selected from toluene and xylene; the aryl halide solvent is chlorobenzene; the saturated hydrocarbon 
solvent is n-heptane; and the mixed solvent comprises water and an organic solvent selected from methanol, 
ethanol and 2-propanol. 

45 

9. A method according to claim 8, wherein the solvent at the step (a) is toluene, xylene or a mixed solvent of 2-propanol 
and water. 

10. A method according to any one of the preceding claims wherein A is a benzyl group. 

50 

11. A method according to any one of the preceding claims wherein R is a tert-butyl group. 



Patentanspruche 

55 

1 . Verfahren zur Herstellung eines N-Carbamat-geschutzten p-Aminoepoxid-Kristalls, welches den folgenden Schritt 
(d) umfasst: 
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(d) einen Schritt des Kristallisierens des durch die allgemeine Formel (2) dargestellten N-Carbamat-geschutz- 
ten p-Aminoepoxids in einem gemischten Losungsmittel, welches ein mit Wasser mischbares organisches 
Lbsungsmittel und Wasser umfasst: 



[wobei R in der Formel eine Niederalkytgruppe mit 1 bis 8 Kohlenstoffatomen, eine Benzylgruppe Oder Fluo- 
renylmethylgruppe darstellt; A eine unsubstituierte oder substituierte Alkylgruppe mit 1 bis 1 0 Kohlenstoffato- 
men, eine unsubstituierte oder substituierte Arylgruppe mit 6 bis 15 Kohlenstoffatomen oder eine unsubstitu- 
ierte oder substituierte Aralkylgruppe mit 7 bis 20 Kohlenstoffatomen oder eine Gruppe, die ein oder mehrere 
Heteroatome in diesen Kohlenstoffgerusten enthalt, darstellt; * ein asymmetrisches Kohlenstoffatom darstellt; 
und die sterische Konfiguration an den 2- und 3-Positionen (2R, 3S) Oder (2S, 3R) istj. 

Verfahren nach Anspruch 1 , worin das gemischte Losungsmittel aus Schritt (d) ein Gemisch aus Wasser und einem 
organischen Losungsmittel ist, das aus Aceton, Methanol, Ethanol, 2-Propanol und Acetonitril ausgewahlt ist. 

Verfahren nach Anspruch 1 oder 2 zur Herstellung eines N-Carbamat-geschutzten p-Aminoepoxid-Kristalls, wel- 
ches weiterhin den folgenden Schritt (c) vor Schritt (d) umfaBt: 

(c).einen Schritt der Behandlung des N-Carbamat-geschutzten p-Aminoepoxids, welches zumindest das Dia- 
stereomer als eine Verunreinigung enthalt und durch die allgemeine Formel (2) dargestellt wird, mit einer 
Saure, wodurch das Diastereomer als Verunreinigung in das durch die allgemeine Formel (3) dargestellte 
Oxazolidin-2-on-Derivat umgewandelt wird: 



[wobei R in der Formel eine Niederalkylgruppe mit 1 bis 8 Kohlenstoffatomen, eine Benzylgruppe oder Fluo- 
renylmethylgruppe darstellt; A eine unsubstituierte oder substituierte Alkylgruppe mit 1 bis 1 0 Kohlenstoffato- 
men, eine unsubstituierte oder substituierte Arylgruppe mit 6 bis 15 Kohlenstoffatomen oder eine unsubstitu- 
ierte oder substituierte Aralkylgruppe mit 7 bis 20 Kohlenstoffatomen oder eine Gruppe, die ein oder mehrere 
Heteroatome in diesen Kohlenstoffgerusten enthalt, darstellt; * ein asymmetrisches Kohlenstoffatom darstellt; 
und die sterische Konfiguration an den 2- und 3-Positionen (2R, 3S) oder (2S, 3R) ist] 



[wobei A und * in der Formel die gleiche Bedeutung wie oben beschrieben aufweisen, und die sterische Kon- 
figuration an den 4- und 5-Positionen (4S, 5R) oder (4R, 5S) ist], 

und, wenn notwendig, Abtrennen und Entfernen des erhaltenen Oxazolidin-2-on-Derivats in Wasser oder einem 




O 



A 




(2) 
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wassrigen Losungsmittelgemisch. 

Verfahren nach Anspruch 3, worin bei Schritt (c) die Saure eine feste Saure ist, die in Losungsmitteln unloslich ist. 

Verfahren nach Anspruch 1 Oder 2 zur Herstellung eines N-Carbamat-geschutzten p-Aminoepoxid-Kristalls, worin 
die Schritte (a) und (b) dem Schritt (d) vorausgehen: 

(a) ein Schritt zur Herstellung eines N-Carbamat-geschutzten p-Aminoalkohols, umfassend das Losen eines 
N-Carbamat-geschutzten p-Aminoalkohols, der zumindest das Diastereomer als eine Verunreinigung enthalt 
und durch die allgemeine Formel (1) dargestellt wird, in einem Losungsmittel, das mindestens eines oder 
mehrere enthalt, ausgewahlt aus einem aromatischen Kohlenwasserstofflosungsmittel, einem Arylhalogenid- 
losungsmittel, gesattigten Kohlenwasserstofflosungsmitteln und gemischten Losungsmitteln, welche ein mit 
Wasser mischbares organisches Losungsmittel und Wasser umfassen, urn unlosliche Bestandteile zu entfer- 
nen: 



[wobei R in der Formel eine Niederalkylgruppe mit 1 bis 8 Kohlenstoffatomen, eine Benzylgruppe oder Fluo- 
renylmethylgruppe darstellt; A eine unsubstituierte oder substituierte Alkylgruppe mit 1 bis 10 Kohlenstoffato- 
men, eine unsubstituierte oder substituierte Arylgruppe mit 6 bis 15 Kohlenstoffatomen oder eine unsubstitu- 
ierte oder substituierte Aralkylgruppe mit 7 bis 20 Kohlenstoffatomen oder eine Gruppe, die ein oder mehrere 
Heteroatome in diesen Kohlenstoffgerusten enthalt, darstellt; 

X ein Halogenatom darstellt, * ein asymmetrisches Kohlenstoffatom darstellt; und die sterische Konfiguration 
an den 2- und 3-Positionen (2R, 3S) oder (2S, 3R) ist]; und 

(b) ein Schritt der Behandlung des durch die allgemeine Formel (1) dargestellten N-Carbamat-geschutzten 
P-Aminoalkohols mit einer Base, wodurch der N-Carbamat-geschutzte p-Aminoalkohol in das durch die allge- 
meine Formel (2) dargestellte N-Carbamat-geschutzte p-Aminoepoxid umgewandelt wird: 



[wobei R, A und * in der Formel die gleichen Bedeutungen wie oben beschrieben aufweisen; und d die sterische 
Konfiguration an den 2- und 3-Positionen (2R, 3S) oder (2S, 3R) ist]. 

Verfahren nach Anspruch 3 oder 4, worin die in Anspruch 5 angegebenen Schritte (a) und (b) den Schritten (c) 
und (d) vorausgehen. 

Verfahren nach Anspruch 5 oder 6, worin das aromatische Kohlenwasserstofflosungsmittel bei Schritt a) minde- 
stens eines oder mehrere umfasst, ausgewahlt aus Toluol, Xylol und Benzol; das Arylhalogenidlosungsmittel min- 
destens eines oder mehrere umfasst, ausgewahlt aus Chlorbenzol und Brombenzol; das gesattigte Kohlenwas- 
serstofflosungsmittel mindestes eines oder mehrere umfasst, ausgewahlt aus n-Hexan, n-Heptan, Cyclohexan 
und Methylcyclohexan; und das gemischte Losungsmittel Wasser und ein organisches Losungsmittel umfasst, 
welches aus Methanol, Ethanol, 1-Propanol, 2-Propanol t Aceton, 2-Butanon, Acetonitril und Tetrahydrofuran aus- 
gewahlt ist. 

Verfahren nach Anspruch 7, worin bei Schritt (a) das aromatische Kohlenwasserstofflosungsmittel mindestens 





(2) 
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eines oder mehrere umfasst, ausgewahlt aus Toluol und Xylol; das Arylhalogenidlosungsmittel Chlorbenzol ist; 
das gesattigte Kohlenwasserstoffldsungsmittel n-Heptan ist; und das gemischte Losungsmittel Wasser und ein 
organisches Losungsmittel umfasst, das aus Methanol, Ethanol und 2-Propanol ausgewahlt ist. 

9. Verfahren nach Anspruch 8, worin das Losungsmittel bei Schritt (a) Toluol, Xylol oder ein gemischtes Losungsmittel 
aus 2-Propanol und Wasser ist. 

10. Verfahren nach einem der vorhergehenden Anspruche, worin A eine Benzylgruppe ist. 

11. Verfahren nach einem der vorhergehenden Anspruche, worin R eine tert-Butylgruppe ist. 



Revendications 

1. Procede pour la preparation de p-aminoepoxyde cristallin N-protege par un carbamate comprenant I'etape (d) 
suivante : 

(d) une etape de cristallisation du p-aminoepoxyde N-protege par un carbamate represents par la formule 
generale (2) dans un melange de solvants comprenant un solvant organique miscible a I'eau et de I'eau : 




[dans la formule, R represente un groupe alkyle inferieur ayant de 1 a 8 atomes de carbone, un groupe 
benzyle ou un groupe fluorenylmethyle ; A represente un groupe alkyle substitue ou non substitue avec 1 a 
10 atomes de carbone, un groupe aryle substitue ou non substitue avec 6 a 15 atomes de carbone ou un 
groupe aralkyle substitue ou non substitue avec 7 a 20 atomes de carbone, ou un groupe contenant un ou 
plusieurs heteroatomes dans ces squelettes carbones ; * represente un atome de carbone asymetrique ; la 
configuration sterique des positions 2 et 3 est (2R, 3S) ou (2S, 3R)]. 

2. Procede selon la revendication 1 , dans lequel le melange de solvants de I'etape (d) est un melange d'eau et d'un 
solvant organique choisi parmi I'acetone, le methanol, I'ethanol, le 2-propanol et I'acetonitrile. 

3. Procede selon la revendication 1 ou la revendication 2, pour la preparation de p-aminoepoxyde cristallin N-protege 
par un carbamate, comprenant en plus I'etape suivante (c) avant I'etape (d) : 

(c) une etape de traitement du p-aminoepoxyde N-protege par un carbamate contenant au moins le diaste- 
reoisomere comme impurete et etant represente par la formule generale (2) avec un acide, en convertissant 
de cette facon le diastereoisomere comme* impurete en derive oxazolidin-2-one represente par la formule 
generale (3) : 




[dans la formule, R represente un groupe alkyle inferieur ayant de 1 a 8 atomes de carbone, un groupe 
benzyle ou un groupe fluorenylmethyle ; A represente un groupe alkyle substitue ou non substitue avec de 
un a 10 atomes de carbone, un groupe aryle substitue ou non substitue avec de 6 a 15 atomes de carbone 
ou un groupe aralkyle substitue ou non substitue avec de 7 a 20 atomes de carbone, ou un groupe contenant 
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un ou plusieurs heteroatomes dans ces squelettes carbones ; * represente un atome de carbone asymetrique ; 
la configuration sterique des positions 2 et 3 est (2R, 3S) ou (2S, 3R)]. 




O 



[dans la formule, A et * ont la meme signification que celle decrite precedemment ; la configuration 
sterique des positions 4 et 5 est (4S, 5R) ou (4R, 5S)], 

et, si necessaire, en separant et en eliminant le derive oxazolin-2-one resultant dans I'eau ou dans un me- 
lange de solvants aqueux. 

Procede selon la revendication 3, dans lequel a I'etape (c), I'acide est un acide solide insoluble dans les solvants. 

Precede selon la revendication 1 ou la revendication 2, pour la preparation de p-aminoepoxyde cristallin N-protege 
par un carbamate dans lequel I'etape (d) est precedee par les etapes (a) et (b) : 

(a) une etape pour la preparation de p-aminoalcool N-protege par un carbamate comprenant la dissolution de 
P-aminoalcool N-protege par un carbamate contenant au moins le diastereoisomere comme impurete et etant 
represente par la formule generale (1 ) dans un solvant comprenant au moins un ou plusieurs solvants choisis 
dans le groupe comprenant un solvant hydrocarbure aromatique, un solvant d'halogenure d'aryle, des solvants 
hydrocarbures satures, et un melange de solvants comprenant un solvant organique miscible a I'eau et de 
I'eau, pour eliminer les matieres insolubles : 




[dans la formule, R represente un groupe alkyle inferieur ayant de 1 a 8 atomes de carbone, un groupe 
benzyle ou un groupe fluorenylmethyle ; A represente un groupe alkyle substitue ou non substitue avec de 1 
a 10 atomes de carbone, un groupe aryle substitue ou non substitue avec de 6 a 15 atomes de carbone ou 
un groupe aralkyle substitue ou non substitue avec de 7 a 20 atomes de carbone, ou un groupe contenant un 
ou plusieurs heteroatomes dans ces squelettes carbones ; X 

represente un atome d'halogene ; * represente un atome de carbone asymetrique ; la configuration ste- 
rique des positions 2 et 3 est (2R, 3S) ou (2S, 3R)] ; et 

(b) une etape de traitement du p-aminoalcool N-protege par un carbamate de formule generale (1) avec une 
base, en convertissant de cette facon le p-aminoalcool N-protege par un carbamate en p-aminoepoxyde N- 
protege par un carbamate represente par la formule generale (2) : 
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[dans cette formule, R, A et * ont les memes significations que celles decrites p recede mment ; la con- 
figuration sterique des positions 2 et 3 est (2R, 3S) ou (2S, 3R)]. 

6. Precede selon la revendication 3 ou la revendication 4, dans lequel les etapes (c) et (d) sont precedees par les 
etapes (a) et (b) comme decrit dans la revendication 5. 

7. Precede selon la revendication 5 ou la revendication 6, dans lequel a I'etape (a), le solvant hydrocarbure aroma- 
tique comprend au moins un ou plusieurs solvants choisis dans le groupe comprenant le toluene, le xylene, et le 
benzene ; le solvant d'halogenure d'aryle comprend au moins un ou plusieurs solvants choisis dans le groupe 
comprenant le chlorobenzene et le bromobenzene ; le solvant hydrocarbure sature comprend au moins un ou 
plusieurs solvants choisis dans le groupe comprenant le n-hexane, le n-heptane, le cyclohexane et le 
methylcyclohexane ; le melange de solvants comprend de I'eau et un solvant organique choisi dans le groupe 
comprenant le methanol, I'ethanol, le 1-propanol, le 2-propanol, I'acetone, la 2-butanone, I'acetonitrile et le tetra- 
hydrofurane. 

8. Precede selon la revendication 7, dans lequel a I'etape (a), le solvant hydrocarbure aromatique comprend au moins 
un ou plusieurs solvants choisis dans le groupe comprenant le toluene et le xylene ; le solvant d'halogenure d'aryle 
est le chlorobenzene ; le solvant hydrocarbure sature est le n-heptane ; et le melange de solvants comprend de 
I'eau et un solvant organique choisi dans le groupe comprenant le methanol, I'ethanol et le 2-propanol. 

9. Precede selon la revendication 8, dans lequel le solvant a I'etape (a) est le toluene, le xylene ou un melange de 
solvants de 2-propanol et d'eau. 

10. Precede selon I'une quelconque des revendications precedentes, dans lequel A est un groupe benzyle. 

11. Precede selon I'une quelconque des revendications precedentes, dans lequel R est un groupe tert-butyle. 
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